The incidence and mortality rates of lung cancer, the leading cause of cancer death in China, have significantly increased in recent years, and present geographic and gender differences as a result of diversity in lifestyles and socioeconomic development. A series of attribute risk analyses have shown that factors such as smoking, air pollution, and occupational factors are all related to lung cancer. Behavioral intervention, such as smoking cessation and screening, could effectively reduce lung cancer incidence and mortality.
Introduction
Lung cancer is a multi-step and multi-factorial disease, has a variety of histological subtypes, and is the most fatal cancer worldwide. The etiology of lung cancer is not yet clear. Smoking and air pollution are two significant risk factors. Other risk factors, such as occupational exposure (e.g. asbestos), also play a significant role in the development of lung cancer. In China, lung cancer incidence in both men and women has increased rapidly in recent years, imposing a great threat to human health. Thus, it is critical to determine the epidemiological distribution of lung cancer in order to provide basic information for cancer prevention and control and ultimately, to reduce incidence and mortality.
Global epidemiology of lung cancer
It is estimated that 2.09 million new cases of lung cancer occurred globally in 2018, ranking first among all cancer types. In some developed countries, such as Austria and Germany, lung cancer is one of the most common cancers. 1 In the United States, however, lung cancer incidence has decreased, particularly in recent years, partly as a result of effective tobacco control and a series of health education and promotion measures. 2 Interestingly, although Africa has a high smoking prevalence, lung cancer incidence is relatively low in both genders, which may be related to low life expectancy. 3 In terms of gender differences, lung cancer is more prevalent in men, both in worldwide and in most regions.
As for mortality, lung cancer is currently the leading cause of cancer death, accounting for nearly 20% of all cancer deaths. Lung cancer mortality in China is relatively high compared to most countries. 1 It is projected that lung cancer mortality in China may increase by approximately 40% between 2015 and 2030.
Epidemiology and current trends in China Cancer incidence
According to Chen et al., nearly 3 804 000 (2 114 000 men, 1 690 000 women) new cancer cases were diagnosed in 2014, which is the equivalent of more than 10 422 cases diagnosed each day. 5 The overall crude and agestandardized incidence rates by Chinese standard population (ASIRC) for all cancers combined were 278.07/100000 and 190.63/100000, respectively. 5 The incidence rate is higher in men than in women.
Cancer incidence rates usually vary distinctly by region as a result of lifestyle diversity or environment. In 2014, the ASIRC for all cancers combined was higher in urban areas (196.58/100000 vs. rural 182.64/100000). 5 The agestandardized incidence rate (ASIR) for all cancers combined was highest in South China, followed by Northeast and East China, with Southwest China having the lowest incidence rate. 6 
Cancer mortality
An estimated 2 296 000 cancer deaths occurred in 2014, corresponding to almost 6 290 deaths on average per day. 5 The crude and age-standardized mortality rates by Chinese standard population (ASMRC) for cancers combined were 167.89 per 100 000 and 106.98 per 100 000, respectively. 5 The number of new cases and the ASMRC were both higher in men than in women.
Similar to the incidence rates, the age-standardized mortality rate (ASMR) for all cancers combined also showed geographic diversity. The ASMRC was higher in rural areas in both men and women. East China had the highest cancer mortality rate followed by Northeast and Central China. The lowest rate occurred in North China. 6 
Cancer survival
Chen et al. reported that approximately 36.9% of cancer patients could survive over five years after diagnosis. 7 Women have a higher survival rate (47.3% vs. men 29.3%). The survival rate in urban areas was 10% higher than in rural areas. 7 Central and East China had similar survival rates (41.0% vs. 40.3%, respectively), with Southwest China showing the lowest survival rate (24.9%), 7 which may be related to economic development. Zeng et al. conducted an analysis of 17 population-based registries and found that survival had increased from 30.9% in 2003-2005 to 40.5% in 2012-2015. 8 
Trends in cancer incidence and mortality
For all cancers combined, the ASIR in men remained generally stable over the period 2000-2011, while a significant upward trend was observed in women. Different incidence patterns by gender may reflect different risk factors to exposure. In contrast to incidence, the ASMR decreased in both genders, as a result of population aging and changes in the cancer spectrum. 7 
Epidemiology of lung cancer in China Lung cancer incidence rates in 2014
Based on data from 339 cancer registries, the ASIR of lung cancer was 36.71 per 100 000. 5 The rates in men and women were 49.94 per 100 000 and 23.89 per 100 000, respectively. The number of new cases in urban areas was 457 000, 1.4 times higher than that in rural areas. The ASIR in urban areas was similar to that in rural areas, but was twice as high in men as in women.
Lung cancer mortality rates in 2014
According to Chen et al., the ASMR for lung cancer over all cancer registries was 28.49 per 100 000. 5 The rates in men and women were 40.30 per 100 000 and 17.13 per 100 000, respectively. The crude and age-standardized mortality rates for lung cancer in urban areas were 48.79 per 100 000 and 28.24 per 100 000, respectively, and in rural areas were 42.17 per 100 000 and 28.77 per 100 000, respectively. There was a vast difference in mortality, with the ASMR in men more than double the rate in women.
Lung cancer survival
Although the survival rates for all cancers have improved in recent years, lung cancer survival remains at a relatively low level. In 2012-2015, the lung cancer survival rate in men was 16.8%, which is 62.5% worse than in thyroid cancer, which has the highest survival rate. The survival rate in women was 25.1% in 2012-2015, which is classified as low survival.
Age-specific incidence and mortality
Incidence and mortality in men and women increases with age. Data from 72 local population-based cancer registries indicates that there has been a dramatic increase in lung cancer incidence and mortality in the population aged > 60 years. 7 Moreover, incidence and mortality in men has increased more rapidly than in women among different age groups.
Trends in lung cancer incidence and mortality
Zhang et al. showed that crude incidence rates in both genders increased sharply from 2000 to 2014; however, the ASIR increased slightly in men (annual percentage change [APC]: 0.4%) and decreased in women (APC: −0.2%). 9 The incidence gap between men and women has narrowed over this period (Fig 1) . With APCs of 2.7% and 2.1% in men and women, respectively, a significant upward trend in ASIR was observed in rural areas compared to urban areas. Invariably, the crude and age-standardized incidence rates were consistently higher in men than in women over the 14-year period. 9 Zhou et al. observed an increased trend in the lung cancer mortality rate from 30.18% in 2004 to 36.10% in 2010. 10 Wang et al. reported a similar trend and found gender and geographic differences in the mortality rate.
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The ASIR increased dramatically in rural residents from 1987 to 2014, with APCs in men and women of 2.58% and 2.54%, respectively. 11 But the trends were disparate for urban residents, with APCs of −0.23% and 0.74% in men and women, respectively.
Risk factors and primary prevention Smoking
Of the 315 million smokers in China, about 28% are aged ≥ 15 years. China is the largest producer and consumer of tobacco. 12 Cancer and chronic respiratory disease are both associated with tobacco use. According to related epidemiologic data, tobacco use is one of the most significant risk factors accelerating the growing lung cancer epidemic. 13 An estimated 75.04% of lung cancer deaths in men and 18.35% in women are attributable to tobacco use, 14 indicating a clear association between the extent of smoking and cancer. 15 Given the high smoking rate and psychological and financial burdens, the Chinese government launched a national strategy, Health China 2030, which aims to reduce the prevalence of smoking to < 20%. 16 Measures such as increasing the cost and taxation on tobacco and assigning smoke-free locations have led to a significant decrease in the smoking rate, from 30.2% to 26.9% over 2000-2015 (Fig 2) . Based on World Health Organization data, in spite of the obvious drop in smoking prevalence, the actual number of smokers in China increased from 310 to 315 million over the same period. 12 Thus, taking population growth and aging into account, more work needs to be done to cut down lung cancer incidence by reducing the rate of smoking. 
Air pollution
As a result of the acceleration of urbanization and industrial progress, the side effects of air pollution are becoming increasingly severe. Air pollution has recently been classified as the primary carcinogen. 17 In 2017, the Ministry of Ecology and Environment of the People's Republic of China reported air quality statistics in 338 urban areas. The air quality in 239 (70.7%) areas had reached a hazardous level. Degradation of air quality has been confirmed to have severe side effects on human health.
Fine particulate matter (PM) with a diameter of < 2.5 μm suspended in the atmosphere is the chief component of atmospheric pollution. A PM 2.5 level can result in the stimulation of factors that can seriously interfere with gas exchange. 18 Long-term exposure to high level PM 2.5 could increase the risk of lung cancer. [19] [20] [21] Fu et al. found a positive association between PM 2.5 and mortality, with Rvalues of 0.464. 22 Smokers seem to be more vulnerable. 23 An American report clarified the correlation between exposure to ambient PM 2.5 and life expectancy. For each 10 μg/m decrease in the concentration of fine PM 2.5 , life expectancy increases approximately 0.61 AE 0.20/year. 24 Therefore, it is urgent to manage air quality now.
Occupational exposure
The International Agency for Research on Cancer has classified occupational exposure as a group 1 lung carcinogen. 25 The main occupational factors include asbestos and dust. [26] [27] [28] A case-control study conducted by De Matteis et al. reported that occupational exposure to asbestos, even at low levels, contributed to the risk of developing lung cancer, with population attributable fractions of 18.1%. 29 Silica and Ni-Cr showed similar results. For this reason, it is vitally important for policy-makers and environmental administrators to conduct health surveillance at the workplace.
Lung cancer screening
The development of low dose helical computed tomography (LDCT) has made screening in high-risk populations easier and has led to the establishment of free screening programs in some regions. Thanks to widespread screening programs, significant reductions in lung cancer incidence and mortality have been reported. 30, 31 Low-dose helical computed tomography, a new advanced technology, is more effective than previous methods for diagnosing early stage lung cancer and, subsequently, reducing mortality. 32 It not only reduces radiation exposure by adjusting related scanner parameters but also uses different algorithms to acquire better diagnostic image quality. 33 The American Cancer Society has recommended that people aged 55-74 should undergo LDCT screening annually and has published criteria to determine the population at high risk. 34 However, early detection rates vary as a result of differences in equipment and skill, thus greater focus on these factors would lead to improved detection rates. Nevertheless, the cancer burden in China has been alleviated by the introduction of screening.
Conclusions
Two phenomena warrant discussion after exploring the many studies related to lung cancer. One is that lung cancer may overtake breast cancer as the leading cause of cancer death in women. The other is that the lung cancer risk is highest in people aged > 60 years. Combined clinical data may help us to better interpret why lung cancer incidence has increased in these populations.
Although China has implemented a series of policies to benefit peasants, including free screening, the proportion of lung cancer in poor areas remains dominant. People located in rural areas, particularly those in remote mountainous regions, may not be aware of the exact meaning of screening or methods of cancer prevention. Consequently, the most urgent task at present is to launch a series of nationwide screening programs based on the conditions in China, with greater effort made to mobilize the population to prevent cancer in rural areas that have a relative shortage of resources.
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